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ABSTRACT 

Thi. .;ti~tly area is located in western 1-win Falls and castern Owyhee counties. It 
iiicludcs approximately 300 square miles and is composed of three geographic features: the 
Snake River canyon. the Salmon Falls Crwk  canyon. :uid a rolling plain. Surface drainage is 
to  the Snake River or  Salmon Falls C'reek. 

Only two of the several geologic units present are important as aquifers: the ldavada 
Volcanics and the Banbury Basalt. Both units are traversed by numerous northwest-trending 
faults. These faults and the adjacent fracture zones are the dominant lactor\ controlling 
pro~111~1-water movemeiit. 

Thc development of the ground-water resource has been primarily for irrigation. 
Approximately 3.3 producing irrigation wells have been drilled and many more 
nonproductive wells exist in the area. Most wells are less than 1,000 feet deep, but one is 
1.740 feet in depth. 

'Transmissibility of the aquifers varies from 3,800 to 840.000 gallons per day per foot. 
This wide range of transniissibility is believed to  be the result of the discontinuity of the 
1 r;~'tliic\ ; I I I L I  k~u l t  zoucs.Ground-water flow is believed to  be generally from south t o  north 
with a gradient of approximately 2 5  feet per mile. The depth-to-water ranges from 
approximately 72 to  448 feet below land surface and the yield-to-wells varies from 339 to  
approximately 3.000 gallons per minute. Some of the factors causing the variations noted 
are well construction, depth of penctration of the aquifer and the degree of fracturing 
present i n  tlie aquilkr material. Water-level fluctuations in the area show declines of from 3 
to 17 lkct per year lor ;I long term period. Water-level declines for the period April 1969 to  
March 1970  were over 7-7 feet. Water levels have risen slightly in the northern portion of thc 
stlidy x e a .  

Recharge to tlie aquifers is believed to  be from the south. Discharge from the 
griiund-water syste~ii is to Salmon Falls Creek. the Snake River, and by withdrawal by wells. 

Ground-water quality is generally good. Most water is suitable for both domestic and 
irrigation usage. Only three wells do  not meet U.  S. Public Health drinking water standards. 

The Departinent 01 Water Administration has 70 active permits and licenses on file for 
;tppropri:~tion o f  groi~ntl water in the Blue Gulch area. Thesc permits represent a potential 
witbtlraw:~I of  400 ciihic feet per second t'or thc irrigation of 29,140 acres of land. The 
ni;~.ior deve l~p~ i i en t  lias occ~irred in the so~~theaster i i  portion of the area. 

INTRODUCTION 

The history of ground-water development i n  the State o f  Idaho has been characterized 
by rapid expansion. Most of this development has occurred in arid and semi-arid areas in 
southern Idaho. I'roble~iis of well i!iterference, water-quality changes, and water-level 



declines have accompanied the increased usage of ground water for irrigation. The Director 
of the Department of Water Administration is aware of these problems and has realized the 
need for detailed information on the water needs, hydrology and ground-water geoiogy of 
specific areas in order to  effectively administer the use of the water resources of the state. 
He has authorized investigations of areas where existing or potential problems are located. 
This report is the fourth to  result from such an investigation. 

Ground-water development began in the mid-fifties in an area west of Buhl known 
locally as Blue Gulch, and has accelerated rapidly in thz period since 1964. Water-level 
declines were first noted in 1967 and have continued since that time. This reconnaissance 
investigation was authorized to  analyze the water resources and the extent of the problems 
in the Blue Gulch area. 

Objectives 

The objectives of this investigation were to determine the quantity, quality, and 
occurrence of ground water in the Blue Gulch area with special emphasis on the effect of 
present and future developments on the resource. The more specific objectives were. to: (1) 
determine the extent and hydrologic characteristics of the aquifers beneath the area, (2)  
determine the geologic control of the movement and occurrence of ground water, (3) 
determine the availability and depth of ground water for large scale irrigation purposes, (4) 
determine the effect of recent ground-water development on the general ground-water 
system and the flow of Salmon Falls Creek, and ( 5 )  determine the quality of the ground 
water and its suitability for irrigation and domestic purposes. 

Location and Extent 

The study area includes approximately 300 square miles located in western Twin Falls 
and eastern Owyhee counties (fig. 1). It  averages 18 miles in length and is from 14 miles t o  
19 miles wide. The area is bounded on the north by the line common to  Townships 7 and 8 
South, on the south by the line common t o  Townships 10 and 11 South, on the east by 
Salmon Falls Creek and the Snake River, and on the west by the line common to  Ranges 10 
and I I East. These boundaries were determined by the present distribution of ground-water 
development and are not hydrologically significant, except for Salmon Falls Creek. 

Field work was conducted from April 1969 through March 1970. Four 
mass-measurements of water levels were conducted during this period. Ground-water 
samples from 16 locations were collected and chemically analyzed, and field specific 
conductance values were obtained a t  17 locations. 

Previous Investigations 

The geology of the study area was included in a reconnaissance geologic study and 
presented in a map published by Malde, Powers and Marshall (1963), and a geologic report, 



FIGURE 1. Index map showing the area covered by this report 
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Malde a n d  Powers (1962) .  Previous investigations o f  t h e  geology and hydrology have been 
conducted b y  Mundorff and others  (1960) ,  and Hadley and Sumsion (1958 ,  1959). T h e  
ground-water hydrology was studied as a part  o f  a reconnaissance s tudy o f  the  Sailor Creek 
area conducted by  E. G. Crosthwaite (1963) .  
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Well Numbering System 

The  wt.11 numbering system used in this s tudy is the  same as that used by t h e  IJ. S.  
Geological Survey in Idaho (fig. 2). This system indicates the locations of  the  wells within 
the official rectangular subdivisions o f  the  public lands, with reference t o  the  Boise Base 
Line and Meridian. T h e  first two  segments of the  tiumber give the township and range. 
followed by the section nutnber. and by two  lctlers and a numeral,  which indicate thc  
quar ter  section, the forty-acre tract. atid tlic herial number of thc wrll within the  tract .  
Qu;rrtcr sections ore lettered a ,  h ,  c. and d i n  counterclockwise 01-der l'roni the northeast 
quar ter  of each section. Within the quar ter  s e ~ t i o n s  forty-acrc tracts are lettered in the same 
inantier. As mi cx;~niplc. well OS 171,: 35cb l  is i n  the NW!!, SW% o f  Section 35 .  Township 9 
S o i ~ r h .  Range 17 Fai t .  Boise Meridian. and i \  the first wrll designated it1 that  tract. 

Geographic Setting 

The  area is divided into  three nlaiol- geographic features: I I )  the Snake River canyon,  
7 t i  S h i ~ n  Falls ('reek canyon. and ( 3 )  ;I rolling pla in  'The Snake River flows 
tiortl1westr1-ly along the northeast  edge o l t h e  study are3 in e canyon cut  over 400 feet deep 
in tlie lava and sedimentary rocks. Salmon Falls Creek has cut  a tnarrow canyon in the lavas 
~i iong the eastern boundary of the study arca. This canyon is greater than 400 feet deep in 
places ;mi averages about  1,400 to  7 .000 feet widc. The  canyon broadens near the mouth  
wherc th? stt-earn flows t h ~ ~ u g h  weaker sedin~entar): rocks. The  plain includes most o f  the  
s t t t~iy  at-ca. Nutncrous broad gi~lclies separated by elongate steep-sided ridges tt-averse t h e  
plain. Many o f  these gulches are the  erosionnl expression of' nunierous faults present within 
tlie arca. Land devcloptnctil is locatucl pt-imarily in these areas. A four th  geographicfeature 
of mitior importance is a low hcncli in tlic northeastern portion of the s tudy x c a  adjacent 
t o  Si~lnioil  Falls ('reck at-ea, This land i h  irrigated by surf;~ce water from the crcck i ~ n d  is 



I Well No. IOS-13E-30 ba I 

FIGURE 2. Well numbering system 
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almost entirely developed for agricultural purposes. 

Only two perennial streams are present in or bound the study area: Salmon Falls Creek 
and the Snake River. Salmon Falls Creek is tributary to  the Snake River. All of the other 
streams in the area are ephemeral and flow only after periods of precipitation, snowmelt or  
during the irrigation season when waste water is discharged. The general slope of the area is 
to the northwest from approximately 4,500 feet elevation on the upland to 2,800 feet 
elevation in the Snake River canyon. 

The climate of the area is semi-arid with hot summers and cold winters. Average annual 
precipitation and temperature for six U. S. Weather Bureau stations nearest the study area 
are shown in table 1. The average annual temperature and precipitation for the area are 
estimated to  he 480 Fahrenheit (F) and 9.6 inches. 

Table 1 

Average Annual Precipitation and Temperature 

Data for Stations near the Blue Gulch Area 

Average Annual Mean Annual 
Altitude 

Station (Ft. above MSL) 

Bliss 3296 

Buhl 3500 

Grasmere 5126 

Three Creek 5420 

Castleford 3825 

Jerome 3893 

* Partially estimated 

. 

Precipitation 
(Inches) 

8.57 

8.21 

*9.29 

*13.55 

9.57 

8.70 

Years of 
Record 

49 

42 

13 

27 

6 

41 

Temperature 
(O F)  

50.3 

SO. 1 

47.5 

43.5 

48.6 

49.5 

Years of 
Record 

49 

42 

13 

4 

4 

34  

Sagebrush is the dominant native vegetation in the area. Rabbit brush, cheat grass, and 
many other varieties of low brush and grass also inhabit the area. 

Nearly all of the crops in the area are irrigated with the exception of some dry-land 
grain. The water utilized for irrigation is primarily from ground water with some diversion 
of surface water from the Salmon Falls Creek. 



GR0UNI)-WATER GEOLOGY 

Introduction 

The Blue G~ilcl i  study area is coniposed o i  several geologic folmations (fig. 3). Only 
two of tllesr are important as aquifers. Thc  oldest unit present in the study area is the 
ldavada Volccinics. (Maldc and Powers. 1962, p. 1.200), a series of silicic, welded ash flows. 
These rocks are considered t o  he the hasenlent o r  deepest formation from which ground 
water may be derived. The  overlying formation, the  Banbury Basalt (Malde and Powers. 
1962. p. 1,204) consists of  three members, the uppcr two of  which are important as 
aquifers. Nearly evwy well in the s t d y  area derives its water from one of these two geologic 
formations (fig. 4 ) .  Other  formations present in the study area are the Glenns Ferry 
Formation. a thick sequence of  bedded clay and silt ovcrlain by a thin basalt member. the 
Tuana Gravel, an extensive pediment deposit and the Recent cilluvium. None of the last 
tlirce mentioned are important as major aquifers in the  study area. 

Idavada Volcanics 

The  Idavada Volcanics (Malde and Powers. 1962, p. 1 J00)  are the primary aquifer in 
the study area. The  unit is exposed primarily in the southern half of the study area (fig. 3). 
The  formation is composed of silicic welded ash flows, noted as "rhyolite" on  well drillers' 
logs. The  rocks are dark gray in color with small gray-white crystals of  feldspar. When 
weathered thc I-ocks are reddish-brown in color. Cnide columnar jointing and horizontal 
fracturing are present in most of  the exposures of  the unit and drillers' logs indicate that  this 
jointing and fracturing occurs a t  depth. The  rocks are traversed by a large number of 
subparallel, northwest trending faults (fig. 4 )  which increases the fractured portion of  the 
unit. The maximum thickness of the formation is unknown in the study area hu t  well 9s 
12E 24daa I penetrated over 1,700 fret  of these rocks without reaching the lower contact.  

The  Idavada Volcanics arc important as an aquifer primarily in the southern and 
southeastern portion of the study area. Well yields as great as 2,400 gallons per minute 
(gpm)  have been derived from wells penetrating the more fractured portions of  the 
formation. The  density of fracturing, however, is highly variable in the unit .  Where wells 
penetrate the denser, less fractured portions of  the formation. yields are usually insufficient 
for large-scale irrigation. Wells in the fornlatioii usually encounter artesian pressure from 5 
t o  3 0  feet of hcad. Water derived from the unit is generally warm (h7O to  97O F )  indicating 
some movement of  ho t  water f'roni greater depths,  probably through f a ~ ~ l t  zones. 

The Idavadci Volcanics arc eonsickred Lower Pliocene in age (Malde and Powers, 1962,  
p.  1.701 ) and arc directly overlain hy the Banbury Basalt. 

I3anbury Basalt 

The  Banhury Basalt (Mcildc and Powers. lC)O?, p. 1,704) is also important as a major 
aquifer in the study area. I t  colisists of three members, the first of  which is a lower basalt 



FIGURE 3. Generalized geologic map of the Blue Gulch study area 
after Malde, Powers and Marshall, 1963 
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member  composed of  several hundred feet of  brownish,  rubbly basalt which Itas been 
altered t o  such a degree tha t  the  fractures and  vesicules have been filled with alteration 
products.  This  tiiemher is not  important  as a source of  ground water  in the  s tudy area. 

T h e  sccontl. ;I cc i imentary  member ,  is composed of  a layered sequence of clay. silt. 
sand and Sine gravel. T h e %  setlimetits were deposited over t h e  lower member  of  the  Banhury 
Basalt and in places over the  highly eroded ldavada Volcanics. T h e  thickness of  this member  
vat-ies widely. T h e  maximum thickness t h a t  has been encountered in the  s tudy  area is 
approximately 6 0 0  Seet in well 'IS 12E 1 7 d b l .  T h e  sedimentary member  is important  as a n  
aquifer primarily in Township  9 S o u t h ,  Range 12 East .  Ground  water  is ohta ined f rom the  
sand and finc fravels in the  member  and yield-to-wells exceeding 2 ,000  gpm have been 
repol-ted. 

T h e  t l~iri l .  a n  upper  basalt member ,  consists ofsevcral  hundred feet o f  fresh appearing, 
gray-black. olivine hasalt. This  member  was deposited over an  eroded topography o n  the  
1ti:ivada Volcanics and Banbury sediments and,  like the  middle member  o f  the  format ion,  
vat-its widely in thickness. T h e  maximum known thickness in the  s tudy  area is 
approxiniately 6 5 0  feet in well 9 S  13E 3 3 c b l .  T h e  basalt has well developed columnar  
jointing mtl  is fractured at  contacts  between flows and  where the  uni t  is broken by faults. 
lLocally, cinder beds o r  fine graincd sediment lenses have been emplaced between individual 
lava flows. Vcsicules. o r  gas pores, are ~ ~ s u a l l y  present in zones along the  t o p  and  bo t tom o f  
the  flows. Drillers' logs indicate tha t  the  jointing and fracturing extend throughout  the  
upper  member .  This  basalt member  is most important  as a source of  ground water i n  t hc  
wutheas tc rn  portion of  the  s tudy  a r c .  Yield-to-wells of  approximately 3 ,000  gpm have 
heen reportcrl. 

T h e  Banhury Basalt is r c p o ~ - t t d  t o  be Mitldlc Pliocene in age (Maldc and Powers, I%?. 
p. 1.204-1 .20.5) and overlies the  ltlavada Volcanics. T h e  fot-mation is overlain hy hoth the  
(;leiins I'wrv I:orni;ttion and the  Tuana  Gravel. 

Glenns Ferry Format ion  

T h e  (;Icnns Fcrt-y Form~i t ion  consists of  a basalt and a sedimentary memher.  Exposures 
0 1  the  unit occur primarily in the  nor thern  half of  the  s tudy area (fig.  3) .  T h e  sediments 
c o n s ~ s t  of  white.  111-own. and blue clay. sand and fine gravel. T h e  thickness o f  this member  
within tlic \tilily a]-ca is unknowti.  T h e  basalt member  is composed of  thin basalt flows and 
is not an important source of ground water.  T h e  formation is utilized nor th  of  the  s tudy 
at-c;~ for domestic and stock supplies but  is not  important cis an  aquifer within the  s tndy 
i trea Yicld-to-wclls are generally low where the  unit is an  aquifer. 

Tiic ( ; lcnns I'crry Formatioil  is I'lio-Pleistoce~ie in age (Mnlde and Powers. 1962. p. 
1.7081. anti overlies the  Banbury Ilasalt. T h e  formation is overl:iin in part  b y  the  Tuana  
GI-nvel. 



'Tuana Gravel 

T h e  Tuana  Gravel (Malde atrd Powers. IOhll, p. 1.209) coiisists of  a thin scqucncc of  
clay, silt. sand and  pehhle gravel, f l i e  itnit was deposited as a veneer o f  al luvi~tm over t h e  
eroded surface of  the  older format ions  in the  i ~ r e a  and is qu i t e  extensive (fig. 3 ) .  T h e  
maximum known thickness in the  area is approximately 220  feet a t  well YS 1 ? E  i 0 c c l .  T h e  
itnit is carly Pleistocene in age and is overlain only hy Recent  alluviuni. T h e  formation is not  
important as a g r o i l n h v a t r r  source. 

Recen t  Alluvium 

Recent :tlluvictni is present along the  Snake River. Saitnon Falls Creek and many o f  the  
ephetiieral streams in the  arca. I t  consists o f  clay, silt. sand and gravel. These deposits  are 
important as an  aqu i fe~-  only along the  Snake  River where shallow wells derive small supplies 
for  doniestic usage. 

Geologic S t ruc tu re  

T h e  s ludy area lies on  the  south  flank of a large stl-uctiiral trough called tlie Snake  
Rivcr downwat-p. This  downwurp was caused by subsidenct of' this Suake  Plain accornprciiied 
by uplift of  the mountains  t o  the  south  and tiorth. This  crustal ruovement is expressed by a 
series of subparallel. tiorthwest trending fuults along b o t h  sides of the  western Snake  Plain. 
many of  which pass t h r o u g l ~  the  s tudy area (Fig. 3 ) .  lntetise 1'r;t~~litring 011 both  sides of the  
faults occurred 11ec:~itse of  tlic brittle character of the  silicic volcanics and basalt. These  
highly-lractitred zottcs arc extremely important  as they have :I iiia.ior effect  o n  the flow o f  
ground water in the  s tudy are;i. Most of  the wrlls with high yields penetrate these broken 
rones  within thc  ldavada Volcanics o r  U;inhi~t-y Basr~lt. Wells pcni t ra t ing similar thicknesses 
of  i~nfractut-ed rock in the  sanrc f'oi-nlatiot!h a shor t  distanci, away of ten have very low 
yields. These  faults  also provide avenues f o r  the  vertical movement of  g o u n d  water.  T h e  
deep  circulation of  ground water through thcse Fault zones accounts  for warn1 watet- derived 
at varioits locations. Ot l~e r -  str-uctltml fe;iturrs prescrll i r i  the  s tudy  arca are low volcanic 
dorries and a gentle 2-3" northwattl  regionc~l d ip  of  the  exposed lot-rii;ttions. 

GROUND--WATER HYDROLOGY 

Well Development 

T h e  ground-w;cter resource in the l3lue G ~ i l c h  area has been developecl pi-imarily for  
irrigation cisage (fig.  5 ) .  Approximately 33 producing irrigation wells have been drilled since 
1')SX. with thc  majority of  this devclopnient occurring between 1965  and I')OO. Many o t h e r  
wells were dl-illcd but  did not ohl;tirl sttfficient water for irrigation development.  Wells as 
decp  as 1.730 k c t  have been drilled. hut tnost are less than 1,000 feet in dep th .  T h e  
protli~i:itig well\ providt, water  ~ I I -  all of  the  irrigated acreage excep t  for tlrosc lands irrigated 
by \url;icr water 1.1-on1 S;ilnion Fall5 ( 'reek. All dornebtic supplies irrc frotn ground water.  



FIGURE 5. Location, depth, depth-to-water and usage of wells in the Blue Gulch 
study area 



Most of the well development is located in the southern portion of the study area. 

Hydrologic Characteristics of the Aquifers 

The hydrologic characteristics of any water-bearing formation may be expressed by 
several terms. Perhaps the most useful of these is transmissibility (T). The transmissibility of 
an aquifer is the quantity of water in gallons per day that will flow through a strip one foot 
wide extending the full thickness of the aquifer. The relative magnitude of transmissibility 
of an aquifer may be estimated by the following relationship, (Theis, Brown and Meyer, 
1963): 

T = Transmissibility (capacity of the aquifer to  transmit water) in 
gallons per day per foot (gpdlft) at 100% hydraulic gradient. 

Sc = Specific capacity (discharge of the well divided by the draw- 
down) in gallons per minute per foot (gpmlft). 

According to  the above relationship and available specific capacity data from pumping well 
tests, the transmissibility of the Idavada Volcanics exceeds 100,000 gpd/ft at many 
locations and is approximately 840,000 gpd/ft in well 9 s  12E 35cc2. Transmissibility values 
for the basalt member of the Banbury Basalt range from approximately 60,000 gpd/ft to  
370,000 gpd/ft, and from approximately 3,800 gpd/ft to 21,000 gpd/ft for the sedimentary 
member. In order to  test the above relationship for determining transmissibility, an alternate 
method of determination was used for well 9 s  12E 29dbl. The discharge of the well was 
estimated by utilizing the relationship between horsepower, pumping lift and assumed pump 
efficiency. The following equation may be used to determine transmissibility by using a plot 
of the distance from the pumped well to  two observation wells nearby versus the drawdown 
in the observation wells on semi-logarithmic paper (Thiem, 1906). 

Where: T = coefficient of transmissibility in gallons per day per foot 
Q = rate of discharge of the pumped well in gallons per min- 

ute 

r1 and r2 = distances from the pumped well to the first and 
second observation wells and 

S1 and S2 = drawdowns in the first and second observation wells 

The well had been pumping for a long period, therefore, time is considered constant for this 
equation. The calculated transmissibility of the aquifer at well 9 s  12E 29dbl is 59,000 
gpd/ft by this method. The estimated transmissibility using the specific capacity method is 
62,000 gpd/ft which agrees closely with the calculated value. Based on this comparison, the 



specific capacity me thod  of  estimating transnlissibility was concluded t o  be valid f o r  the  
study area. I t  can be seen on  figure 6 t h a t  the  high transmissibility values are n o t  
concentrated in any particular area b u t  are scattered randomly. Th i s  is t o  be expected where 
discontinuous fracture patterns are the  primary control  o f  ground-water movement .  

Ground-Water Movement 

T h e  general direction or ground-water flow in the  s tudy area is f'-om south t o  nor th  
(fig. 7 ) .  T h e  gradient o r  slope of  the  ground-water surface averages appl-oximately 25 ft/rni. 
T h e  contours  of  water  level c l w a l i o ~ i  shown in figurc 7 iudicatc the  major source of  
recharge is south of the  s tudy area with some recharge f rom s u r k ~ c c  water  irrigation in 
Township  (1 S o u t h ,  Range 13 t a s t .  T h e  contours  also indicate discharge f rom the  
fr'wnci-watcr system t o  the tiortli and to Salmon Fal lsCreek.  

T h e  deptli-to-water in the  Blue G u l c l ~  s tudy area ranges f rom 7 2  t o  4 4 8  feet  below land 
s u r f x i .  (f ig.  8 ) .  Topogt-aphy accounts  Sor much o f  thc  variation in the  depth-to-water as thc  
ground-water gradicut is fairly constant .  T h e  boundaries deno ted  o n  figure 8 are arbitrary 
and may change as additional da ta  hecoines ;~vailablc. 

Yield- t o W e l l \  

T h e  yield-to-wells in  the  Blue Gulch s tudy area vary from 3 6 9  gpm t o  approximately 
3 , 0 0 0  gpm (fig. 9). S o m e  o f  the  factors causing the  variations shown are well constnlc t ion,  
dep th  o f  penetrdtion o f  the  aq i~ i fe r ,  and the  degree o f  fracturing present in the  rock 
materials encountered.  T h e  latter  fac tor  is the  most  important  as the more  productive wells 
are believed t o  penetrate the  highly fractilred fault  zones. These  zones  are generally very 
permeable and provide avenues for  the  movement  of  ground water.  They  d o  no t ,  however, 
appear  t o  extend any great  distance o n  either side of  the  faults themselves. T w o  wells in 
Township  I 0  S o u t h ,  Range 12 East arc examples o f  this discontinuity.  Well 1 0 s  12E I I d c l  
penctrates 4 0 9  feet of  fractured "rhyolitc" and  yields appl-oxirnately 5 5 0  gpm.  Well IOS 
12L 1 l d b l .  less than 114 mile distcint penetrates 566 feet o f  dense ui ibrokrn "rhyolitc" and  
yiclds approximately 1.5 gpm.  Geologic features indicate tha t  well IOS 12E I l d b  l i\ on  the  
downthrown hlock o f  a high angle fault while well IOS 12E I l d c l  is o n  the  up th rown side 
;ind pcnetratcs the  fractured zone.  

Yii'ld-to-wells ft-om productioll wells in the  ldavatla Volcanics are reported t o  he as 
high as 2 ,400  gpni (fig. 9 ) .  T h e  upper  basalt member  of  the  Banbury Basalt has reported 
yields of  ;~pproximnti . ly 3 ,000  gpm.  Wells dcrivilig water  from t h e  sedimentary member  of  
the  Bnnbury h a w  reported yields o f  over 2.200 g p n ~ .  Tlir  high yields reported are tnaxinium 
discharge rates during test purnpiug, and production is generally lower. 



FIGURE 6 .  Estimated transmissibility of wells in the Blue Gulch study area 
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- 
FIGURE 7. Contours of  water-level elevation in the Blue Gulch study area 



FIGURE 8. Estimated and known depth-to-water in wells in the Blue Gulch study area 
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FIGURE 9. Yield-to-wells in the Blue Gulch study area 
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Water-Level I 'luctuations 

Records of  water-level f luctuat ions  have been obta ined for  five wclls in the  Blue Gulch 
study area. Fight years of  record has been obtained o n  o n e  well and  thrcc  years of  record 
has been obtained o n  thc  othet- four .  A c o ~ ~ l i n i ~ o u s  water-level recoider  o n  well 9 s  13E 
20ccd I has been in operation since 1968.  All of  these observation wells, wiih the  except ion 
o f  8S 13E 23ccdI .  show \ ~ : ~ i ~ ~ r - l ~ o v l  declines of  approximately 3 feet t o  17 feet per year for  
the  period of  record. Wcll 8s 13E 23ccd1 is a shallow well located in an area where there is 
n o  ground-water pumpage for  irrigation and is influenced by t h e  applicatioii of  surface 
water  hy the  Magic Water Company .  T h e  water level in this well has risen approximately 1 .4  
feet per year (fig. 10). 

It is believed that  the  water-level declines in the  s tudy area are a result of  the  lai-ge scale 
pitnipage of  ground water  for  irrigation. T h e  hydrogrdphs o f  wells 9S  17E 29db2  and IOS 
12E 3 b a l  (fig. 10) show a decline in water  levels in July  as the  pumping season is initiated 
and an abrupt  rise in water  levels in Oc tober  a t  the  end  o f  t h e  season. Although the  
amplitude of  decline during the  pumping season has n o t  appeared t o  increase significantly, 
the  water  levels have not  been recovering t o  the  previous spring level, t hus  denot ing an 
a n n w l  declinc. 

Data  collected during niass water-level measurements in April 1%') and March 1 9 7 0  
allow analysis of  the  annual tleciine throughout the  s t ~ t d y  area. T h e  area o f  gl-eatest 
water-level decline t'or the  period April 1969 t o  March 1970,  was in Township  10 S o u t h ,  
Range 13 East where declines of  over 27  Sect were noted (fig. 1 1 ). This  greater niagnitude of  
decline is believed t o  be partially the  r e s ~ ~ l t  o l  a longer period of  pumping f rom the  wclls in 
this vicinity than o t h e r  wells in the  s tudy area. However. it is unlikely tha t  recovery will be 
great enough t o  alleviate these significant declines. T h e  avei-age water-level decline for most 
of the  arca for  the  year was approximately 5 feet. Water levels rose slightly in s o n x  wells in 
the  tiorthcrn portion o f  the  s tudy area (fig. 1 1 ). These wells are irrigation wells tha t  wcl-e 
not pumped during the 1969 season. Wcll XS IX 2 4 c c l .  which was 11eavily pumped.  
declined approximately 8 feet for  the  p e r i d  April 196'1 t o  March 1'170. This  apparent  
contrntliction is bclieved to he the  resillt of  the  extreme discontiniiity i n  t he  fracture pattern 
of  the  aquifer material i n  t he  area. the  ldavada Volcanics. 

Recharge-Ilischarge Characteristics 

T h e  rccharge t o  the  aquifers in the  Blue Gulcli area is believed to be derived f rom 
precipitation on the  ~ t p l a t ~ d s  and  Jarbidgc Mountains to the  sou th  o f  the  s t u ~ l y  area. Little is 
known about  the  ground-watcr resource in this vast arca i n  Idaho  and  Nevail;~. Quantitat ive 
estimates ol' thc  recharge arc thus  n o t  possible at  the  prescnt tinie. S o m e  recharge 10 t he  
shallow aq~t i f c r  in Township  0 S o u t h ,  Rangc 13 East is helieved t o  be occurring f rom water  
applied on lands under  the  Magic Water Company .  T h e  hydrograph o f  well 8S 13E 23ccdl  
(fig. 1 0 )  shows a rise i l l  Ju ly  which docs not correspond with the  general water-level 
f1uctu:ttiolis. This  rise is believed t o  he due  t o  downward pel-colation o f  irrigation water  
applied in excess o f  the  consumptive use of  crops. N o  quantitat ive estiniitte was made of  this 
recharge bec;iuse of  the small areal ex ten t  o f t h e  land a f f e c t e d  
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FIGURE 1 1 .  Water-level changes in the Blue Gulch stitdy area 
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Discharge from the aquifers in the Blue Gulch study area may be from several sources: 
natural evapotranspiration, outflow t o  the Snake River and Salmon Falls Creek and well 
discharge. Natural evapotranspiration was considered to  be negligible because of the large 
depth-to-water. Natural evapotranspiration could take place along Salmon Falls Creek, the 
Snake River and from the area in-igated by s~lrface water in Township 9 South, Range I3 
East. However, the quantity of water involved is considered to  be insignificant. Discharge Lo 
the Snake River may occur as underflow along the northern edge of the study area. No 
springs o r  seeps were observed along the river, but  sufficient head does exist for  
ground-water movement. 

Inflow to  Salmon Falls Creek from both east and west sides is depicted by the graph of 
the flow of the creek at six sites. Nine series of miscellaneous measurements were made for 
the period 1953 to  1955 (fig. 12). Flow in the creek near where it enters the study area in 
Section 19, Township 1 I South, Range 14 East. (gage 0) averaged approximately 9.5 cubic 
feet per second (cfs) for this period. Flow at the mouth of the creek averaged approximately 
149 cfs for the same period (gage 7). A spread in the flow ci~rvcs may be observed 
downstream from gage 3 which indicates increased contribution to  the creek from overland 
flow. The quantity of base flow entering the creek from the west side may be estimated by 
calculating the amount of inflow necessary from each side of the creek to  attain the 
electrical conductivity (E.C.) in the creek for each reach. In order t o  calculate this balance, 
two assi~rnptions must be made: ( I )  the relationship between E.C. and total dissolved solids 
is approximately linear. and ( 2 )  thc E.C. of the water contributed from each side remains 
constant throughout this reach of the creek. An average E.C. of 350 mhos x 106/centimeter 
(mmhos/cm) was used for ground water on  the west side and an average E.C. of 1,100 
mmhos/cm for the ground and surface water on the east side. By utilizing the mathematical 
balance described above, an estimated 7,300 acre-feet per year is contributed to  the creek as 
inklow from the study area on the west side. If the water-level declines in the area continue, 
the quantity of inflow will probably decrease because of the reduced gradient from the 
ground-water system to  thc stream. It is possible, in the extreme case. that the gradient 
could reverse and the creek could lose water to  the aquifers in the area. The decline 
necessary for this t o  occur is unknown because of the lack of well data near the edge of 
Salmon Falls Creek Canyon. 

The  annual pumpage rate from irrigation wells in the study area in 1'169 was estimated 
at 26,500 acre-feet. This estimate was based on information noted in water right files, field 
notes and questionnaires returned for the area i n  connection with a study of reasonable 
pumping levels, and is based on an application rate of about 3.5 acre-feet per acre. Because 
of the relatively short period the study area has been under irrigation, it is believed that any 
water applicd in excess of the consumptive use of crops is perched above the regional water 
table. 

The  estimated natural discharge to  Salmon Fails Creek and artificial discharge by 
pumping total approximately 34,000 acre-feet per year. The undetermined discharge by 
natural evapotranspiration and discharge to the Snake River would be in addition to  this 
value. It s l i o ~ ~ l d  be noted that over 75 percent of the estimated discharge is from well 
development in the area. It can also be estimated that if all active permits in the area are 
developed there is a potential discharge of 110,000 acre-fcet per year. By equating present 
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watcl--level d c c l i t ~ e  and 'well discliarge t o  future d c c l i ~ i e  ,111il discharge i t  is possible that  the 
water-level declines m a y  incl-case t o  ;IS t i i i i i .11 a\ 7 1 k i l t  pi,r year. 

GROUND WATtK QUALITY 

I lie qu;rlity o f t l i e  g o l r n t l  watcr  i n  t i le study arc;) i\ generill!/ s i~ i tah lc  Sor domest ic atrd 
agricu1tilr;iI p~ r rpo \es .  Sixteen samples 01' water cri l lectctl  f r o m  wells i n  t l ie Blue G u l c h  wcri! 
c l icni ical ly analyzed h y  t l ic  I daho  I k p a r t m e n t  o f  Hea l th  i n  c o n n e c t i o i ~  w i t h  this s t ~ r d y  
( tah lc  2 ) .  F ie ld  observ:itions o f  teri iper; i t~rre and electrical conduc t i v i t y  were obtained for 
these saluc sites at id fr ir one add i t iona l  site t o  supplemet l t  the chemical i n fo rmat ion  arid 
provide greatcr knowledge o f  t l ie qua l i ty  ~ l ia rac ter is t ics  o f  the grout id-water resource. 

Electr ical  Conduc t i v i t y  

Tlir f ie ld electrical conduc t i v i t y  data (approx imate ly  p ropor t i ona l  t o  to ta l  dissolved 
solids) presenlcd it1 I'igure 13 ~-;~nfe fro111 260 t o  0 5 0  nini l ios.  Most  o f  the wells sampled h;ld 
t .  valiles iti t l ic  rarlgc (11' 7 h 0  t o  4 0 0  nirnl ios. T h e  centers f o r  higher K C ' .  are iri t l ie  
southeastern p o r t i o n  o f  t i le study area n o r t h  o f  the Balaticed Rock  crossing. ' I 'hcw \alucs 
rnay he compared w i t h  the  average . o f  Sa lmon Fal ls C'rcek o f  approx i lnate ly  8 5 0  
tnnil ios, 1 .C .  v;~litcs ill IIte Strake River  at the K i n g  llill gage iiverage approximately 500 
111111110s. 

Tetnperature 

Sod ium is the prirn;ll-y cot ion and hicarhoti;itc is l l i c  p r imary  an ion  o f  the ground water 
i n  tlre study areit. T h e  clie111ica1 (Iiltir 131-iwnted i n  table 2 at-e depicted graphically as pa t te rn  
t1i:igt-alns i t1  figul-c 15. T h e  pattct-11s wlr ic l i  indicate the col iccntrat ions o f  the six m a j o r  ions 



TABLE 2 

WATER QUALITY ANALYSES 

E A T I O N  E.C. 

1. 8S 12E 25bc 380 

2 .  9S 12E 17bc  325 

3 .  9S 12E 2 9 a c  320 

4. 9S 12E 34ad 350 

5 .  9 s  12E 35bc  360 

N 
6. 9S 12E 35ccc  350 

Cn 
7 .  95 13E 1 8 a c  270 

8. 9 s  1 3 E 3 1 d d  300 

9. 93 13E 33bc  320 

10. 9S 13E 33cd 300 

1 1 . 1 0 S 1 2 E i l c d  400 

12. 10s  12E 2 c c a  420 

1 3 . 1 0 S 1 2 E l l d c  340 

14. 10s  12E l 2 c d  320 

15. 1 0 s  13E 5cd 530 

16. 10s  13E 8 d c  950 

! 
-- 

PARTS PER MILLION 

TOTAL 
SOLIDS 

ALKALINIP HARDNESS 
cac03 cac03 c a  F NH3 SAR 



FIGURE 13. Electvic:~l conductivity and tempernti ire i n  well\ in thc Blue Gulch 
s tudy  area 



FIGURE 14. Temperature log of well 9S 12E 24daal 
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in equivalents per million (epnt) allow visual cornparison of ground-water quality. The 
general pattern noted in all wells sampled in the area is quite different than that noted for  
Salmon Falls Creek a t  the mouth. 

The suitability of water for irrigation is depicted in figure 16 by a plot of E.C. versus 
thc factor sodium absorption ratio (SAR) developed by the U. S. Salinity Laboratory 
(1954).  The latter term defined below relates percentage of sodium to  the other  major 
cations, calcium and magnesium (Hem, 1959, p. 148). All of the samples noted have a low 
sodiuni or alkali hazard as shown by the SAR. The  salinity hazard related by electrical 
conductivity, however, is medium for all but one  sample, which is high. Water from most of 
the wells is thus suitable for irrigation for all hut crops such as green beans, some fruits, 
clover, and others that have a low tolerance t o  saline water and soils (Hem, 1959, p. 249). 

Only three wells sampled in tlie study area d o  not meet U.  S. Public Health Service 
drinking water standards (1962). Well 8 s  12E 25bcl  has a slight excess of iron and a 
noticeable excess of fluoride. Wells IOS 13E 5cdl  and IOS 13E 8cdl  both exceed the 
recommended maximum limit of 500  parts per million (ppm)  dissolved solids. The only 
excessive ion of concern is the fluoride in well 8S 12E 25bcl .  The recommended limit of 
fluorides is 1.5 ppm while the concentration noted in this well is 6 .4  ppm. In general. most 
of the ground water in the Blue GLIICII area is suitable for domestic use. 

WATER RIGHTS 

The Idaho Department of Water Administration has 7 0  active permits and licenses for 
appropriation of ground watcr in the study area. This represents a potential withdrawal of 
ground watcr of 409  cfs for the irrigation of 29,140 acres of land (fig. 17). Forty-eight 
applications have been canccllcd or relinquished. The major interest in development has 
been in Township 9 South,  Ranges 12 and 13 East. The density of filings is moderate in the 
northeastern portion of the study area and thin in the far western portion. The  greatest 
activity in filing tbr ground water was in I968 when 25 applications were filed. The years 
I963  and 1967 were second and third with I6  and 1 I applications respectively. 

SUMMARY 

Two  geologic for~nat ions are important as aquifers in the Blue Gulch study area: the 
Idavada Volcanics and the Banbury Basalt. Thc Tdavada Volcanics are the most cxterisive 
rocks and the most important aquifer. Yield-to-wells of approximately 2,400 gpm have been 
reported from this formation. Water derived from the unit is u s ~ ~ a l l y  warm (617~-97O F) and 
often under low artesian pressure. The Banlxrry Basalt is subdivided into three members: tlie 
lower basalt, llw middle sediments. and the upper basalt. The sediments and the upper 
I>asaIt are the proiluctive mentbers in the study area. Yield-to-wells of approximately 2,000 
gpm from the sedirnentery inernhcr and 3.000 gpm from the upper basalt have been 
reported. The temperature o f  the water ranges from 6X0 to  82O F and the water is often 
under low artesian pressure. 



FIGURE 16. Classification of  ground water for irrigation in the Blue Gulch study area 
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FIGURE 17. Approved applications for the Blue Gulch study area 
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Geologic structure is an important factor in yield-to-wells in the study area. Where 
wells are located on or  very near fault zones, yields are generally higher than those located 
elsewhere because of the great amount of fracturing accompanying crustal movement. 

Well development has occurred primarily in the southern portion of the study area. 
Most of the wells are ulilized for irrigation with only a few domestic wells present. Wells as 
deep as 1,740 feet have been drilled but  most are less than 1,000 feet. 

The transmissibility of the aquifers was estimated where accurate specific capacity data 
was available. Transn~issibility values for the Idavada Volcanics exceeds 100,000 gpd/ft in 
most cases. The Banbury sediments ranged in transmissibility from 3,800 gpd/ft  t o  21,000 
gpd/ft. and the upper basalt member ranged from 60,000 gpd/ft to  370,000 gpd/ft. 

Water-level declines of as much as 27 feet for a one-year period were noted in the 
southeastern portion of the study area. Records for a 2 t o  3 year period indicate average 
yearly water-level declines ranging from 2.7 feet in well 9 s  13E 20ccdl t o  17 feet in well 8 s  
12E 24cccl.  The average water-level decline for most of the area is approximately 5 feet per 
year for the period April 1969 to  March 1970. The  average water-level decline could 
increase to  21 feet per year if full development of the valid permits on file with the 
Department of Water Administration occurs. 

Recharge to  the aquifers within the study area is believed to  originate from 
precipitation on the uplands to  the south. A quantitative assessment of the amount entering 
the Blue Gulch study area from this area was not made. An undetermined aniount of water 
is recharging the shallow aquifer bemath  the lands irrigated by Magic Water Company. This 
water is believed to  be the excess applied above the consumptive use of the crops. 
Ground-water discharge was estimated from two sources in the study area: well punipage 
and outflow t o  Salmon Falls Creek. Approximately 26,500 acre-feet per year is withdrawn 
by 33  producing irrigation wells, and an estimated 7.300 acre-feet per year discharges into 
Salmon Falls Creek from the ground-water system for a total estimated discharge of 33,800 
acre-feet per year. Some ground water may enter the Snake River as underflow but no 
quantitative estimate was made. 

The ground water in the study area is generally low in sodium or  alkali hazard and 
medium in salinity hazard. Water from nearly all of the wells is thus suitable for all crops 
but those especially sensitive t o  saline water and soils such as green beans, some fruits, 
clover and others. Three wells in the area do  not meet U. S. Public Health drinking water 
standards. One has an excess of iron and the others exceed thc recommended limit of 
dissolved solids. One of these also has an excess of fluoride. 

CONCLUSIONS AND RECOMMENDATIONS 

The aquifers in the Blur Gulch study area are an integral part of a large, generally 
undeveloped ground-water system with presently.undefined boundaries to  the south and 
west. The hydrologic characteristics of this large system are, to  a large degree, unknown. 
These characteristics include transmissibility, geologic control, recharge and discharge. The  



ability of this hydrologic system to  support large scale well development is, therefore, 
largely unknown. The conclusions noted below are based on the most recent data available 
on the Blue Gulch portion of this system. These data were collected from the existing wells 
and are limited by the depths of wells and pattern of development. 

The following conclusions may be made as a result of this study: 

1. The development of good producing wells in the Blue Gulch area is greatly 
dependent upon the penetration of fractured zones associated with faulting or 
areas of well developed joint sets in the two primary aquifers, the Idavada 
Volcanics and the Banbury Basalt. 

2. Because of this major structural control, the ground-water resource is 
extremely variable with respect to  long and short term yields and water-level 
fluctuations. 

3. The present well development has resulted in differential water-level declines 
ranging from 0.2 feet to  27.4 feet and averaging approximately 5 feet per year. 

4. A portion of this decline may be attributed to  local hydrologic boundary 
conditions or changes in the areal aquifer transmissibility. However, because 
spring to  spring water-level measurements have indicated a con t inuo~~s  lowering 
of water levels, most of the decline is believed to be the result of well discharge 
exceeding the rate of natural recharge. 

5 .  Continuing declines will probably affect the estimated discharge to  Salmon 
Falls Creek, and may, with time, reverse the ground-water gradient and result in 
stream loss to  the ground-water system. 

6.  Valid applications for appropriation of ground water yet to  be developed, total 
more than four times the existing well discharge and thus endanger the 
economic value of the resource. 

7 .  Natural curtailment of development exists in the area because of the extreme 
variability of the aquifer materials and the high percentage of nonproducing 
wells. 

On the basis of the above conclusions is recommended that: 

1. A critical ground-water area be designated to  include the land delineated as 
shown in figure 18. 

2. This designation to continue until additional data are collected to  show that 
the approval of new permits would not damage existing water right holders or 
cause reductions of water levels beyond the reasonable pumping level for this 
area (Idaho Code 42-226). 



FIGURE 18. Delineation of  the critical ground-water area, Blue Gulch study area 



3. The present observation well network be expanded t o  better monitor the 
water-level fluctuations over a greater portion of  the hydrologic system. 

4. An additional, detailed investigation of the ground-water resource be initiated 
when sufficient new data have been generated. One portion of this later study 
should be a surface and borehole geophysical investigative program to 
determine the zones of faulting and geologic boundaries. 
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